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Summary
Objectives: To describe the characteristics of community outbreaks of legionellosis in Catalonia,
Spain from 1990 to 2004, to compare two time periods (1990—1996 and 1997—2004), and to assess
the influence of outbreak characteristics on the case fatality rate (CFR).
Methods: This is a descriptive analysis of the outbreaks detected by epidemiological surveillance
units in Catalonia. Variables potentially related to the CFR were analyzed by logistic regression.
Results: Of the 118 outbreaks involving 690 patients (overall CFR 4.5%), the urinary antigen test
(UAT) was used for first case diagnosis in 80.5%. The origin of the outbreak was identified as a
cooling tower in 35.6%, as a water distribution system in a public building in 14.4%, and a water
distribution system at other sites in 7.6%. Statistically significant differences were found in the
CFR (12.2% vs. 3.9%; p = 0.018) and detection of the first case by UAT (0.0% vs. 87.2%; p < 0.001)
between the two time periods investigated. Logistic regression showed an increase in the CFR
according to outbreak size (adjusted odds ratio (aOR) 1.18; 95% confidence interval (CI) 1.05—
1.33) that was significantly lower in the second period (aOR 0.09; 95% CI 0.04—0.20).
Conclusions: Since the UATwas introduced, early diagnosis and treatment has helped to improve
the outcomes and CFR of cases involved in outbreaks of legionellosis.
# 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Since Legionella pneumophila was first identified in 1976,1
cases of legionellosis have increased considerably, leading to
its being considered as an emerging disease.2 Although Legio-
nella infection is a potentially severe disease that usually
results in hospitalization3 and admission to intensive care
units,4 reporting is only mandatory in some countries. Culture
techniques, with sensitivity not exceeding 70%, continue to
be the diagnostic gold standard, but are not performed by all
laboratories.5
Reporting of legionellosis has beenmandatory in Catalonia
since 1988, and the urinary antigen test (UAT) was introduced
in 1996. In recent years, physicians have become more
sensitive to the disease and the UAT is now routinely used
in many hospitals. The rate of reported cases increased to 7.6
per 100 000 inhabitants in 2002.6 However, detection of
outbreaks is not always easy and only some reported cases
can be associated with outbreaks.7 Identification of the
source of Legionella pneumonia is anecdotal in isolated
cases,8 and outbreaks provide the best opportunity to deter-
mine the mechanisms of disease transmission and the risk of
exposure posed by the appearance of new cases.9—12 More-
over, reports have shown that an apparently isolated out-
break may, in fact, have different sources and should thus be
considered as multiple outbreaks.13
The aims of this study were to describe the characteristics
of community outbreaks of legionellosis reported in Catalo-
nia from 1990 to 2004, to compare specific epidemiological
variables observed during two time periods (1990—1996 and
1997—2004), and to assess the influence of outbreak char-
acteristics on the case fatality rate (CFR).
Methods
We studied all community outbreaks of legionellosis detected
from 1990 to 2004 by epidemiological surveillance units (ESU)
in Catalonia, a region in the northeast of Spain with a
population of 6.3 million according to the 2001 census. Data
were obtained from the health reports compiled for each
outbreak.
An epidemic outbreak was defined as two or more epide-
miologically-related cases of legionellosis. Epidemiologi-
cally-related cases were defined as two or more cases
linked by time (less than 6 months apart) and place (same
stay/visit to the risk installation in the 10 days before the
onset of symptoms or habitual home/activity within a radius
of 2 km), with at least one being a confirmed case. Confirmed
cases were defined as pneumonia diagnosed by X-ray with a
positive culture, a positive UAT, or a 4-fold increase (up to
>628) in serum antibody titers for Legionella between the
acute and convalescent stages.14 A suspected case was con-
sidered as a case with clinical criteria but without laboratory
confirmation.
An outbreak with an epidemiologically-determined ori-
gin was defined as that in which environmental and epi-
demiological studies identified a source compatible with
the origin of the outbreak. An outbreak with an origin
determined by molecular biology was defined as that in
which the genotype of Legionella isolates from clinical
samples was identical to that from the suspected source
of the outbreak.The following variables were collected for each out-
break: the year and month of appearance, the number
and age of cases, the number of patients hospitalized,
deaths, the diagnostic technique used in the first case,
the delay in detection (time between the onset of symp-
toms of the first case and detection of the outbreak),
the length of the outbreak (time from appearance of
the first case to that of the last case), the period from
outbreak detection to the collection of the first environ-
mental sample, and the number of inhabitants of the
municipality where the outbreak occurred (<25 000 or
25 000 inhabitants).
A descriptive analysis of all outbreaks was made, compar-
ing outbreaks before (1990—1996) and after (1997—2004) the
general introduction of the Legionella UAT and also compar-
ing outbreaks of known and unknown origin.
Legionella isolates were sub-typed by pulsed-field gel
electrophoresis (PFGE) according to a previously described
method.15
Categorical variables were compared according to the
study period (1990—1996 and 1997—2004) and origin of the
outbreak (known and unknown) using the Chi-square test or
Fisher’s exact test as necessary. Continuous variables were
evaluated using the t-test when the distribution was normal
and the Mann—Whitney U-test was used. The level of statis-
tical significance was established as p = 0.05.
Logistic regression was used to evaluate the effect of
potentially related variables on the probability of death in
a given outbreak, and the adjusted odds ratio (aOR) and the
corresponding 95% confidence intervals (CI) calculated. The
variables included in the model were the size of the out-
break, the delay in detection, the determination of the
origin, and the period in which the outbreak occurred. All
these variables showed an association with the CFR in the
bivariate analysis ( p < 0.05).
Results
A total of 118 community outbreaks of legionellosis occurring
between 1990 and 2004 were included in the analysis. The
origin of the outbreak was determined by epidemiological
criteria and/or molecular techniques in 68/118 outbreaks
(57.6%), of which 60 (88.2%) were established by epidemio-
logical criteria and eight (11.8%) by the two methods.
Figure 1 shows the annual evolution of all outbreaks and
those with a known origin, with a clear increase from 1999
onwards. The majority (69.5%) of outbreaks occurred during
the warmer months (June—October) and 55.9% occurred in
municipalities with 25 000 inhabitants. A total of 690
patients were reported in the 118 outbreaks, with a median
of three subjects per outbreak (range 2—113). Table 1 shows
the evolution of the size of the outbreaks. The mean age of
patients was 58 years (SD 10.4). Hospitalization was required
in 577 (83.6%) cases and there were 31 deaths (CFR 4.5%).
Table 1 shows the annual evolution of the CFR, which was3%
in the last three years of the study. The first case in each
outbreak was diagnosed using the UAT in 80.5% of the out-
breaks, culture techniques in 5.1%, and serological conver-
sion in 3.4%; the technique used was not known in the
remaining 11%.
The median delay in detection (time from the onset of
symptoms of the first case until detection of the outbreak)
Figure 1 Evolution of community outbreaks of legionellosis; Catalonia, 1990—2004.
Table 1 Annual distribution of the characteristics of com-
munity outbreaks of legionellosis; Catalonia, 1990—2004
Year Outbreaks Cases Size, median
(IQR)
Case fatality
rate, %
1990 1 3 3 (3—3) 33.3
1991 2 5 2.5 (2—3) 0
1992 2 5 2.5 (2—3) 0
1993 1 7 7 (7—7) 14.3
1994 2 26 13 (2—24) 11.5
1995 0 0 0 0
1996 1 3 3 (3—3) 33.3
1997 2 4 2 (2—2) 0
1998 2 8 4 (3—5) 0
1999 5 30 3 (2—17) 6.7
2000 8 87 6 (3—47) 6.9
2001 18 59 3 (2—9) 8.5
2002 19 219 4 (2—113) 2.7
2003 27 102 2 (2—14) 2.0
2004 28 132 3 (2—32) 3.0
Total 118 690 3 (2—113) 4.5
IQR, interquartile range.
Table 2 Origin and size of community outbreaks of legionellosis
Spring Summer Aut
Origin n (%) Sizea n (%) Sizea n (%
Cooling tower 9 (21.4) 4 (2—35) 17 (40.5) 4 (2—113) 10 (
Main water system
n a public
building
4 (23.5) 3 (2—7) 9 (52.9) 2 (2—4) 3 (
Main water system
at other sites
0 (0.0) 0 (0) 4 (44.4) 2.5 (2—4) 2 (
Unknown 7 (14.0) 2 (2—8) 26 (52.0) 2 (2—10) 14 (
All 20 (16.9) 3 (2—35) 56 (47.5) 2.5 (2—113) 29 (
a Median (range).
b Mann—Whitney U-test p < 0.05.
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outbreaks (time from the onset of symptoms of the first case
until the last case) was 31 days (range 0—330 days).
The median time from notification of the outbreak to
collection of the first environmental sample was 5 days
(range 0—66 days). The first environmental sample was
culture positive (50 CFU/ml) in 46.6% of the outbreaks.
The interval between collection of the first environmental
sample and collection of the first positive environmental
sample ranged between 0 and 35 days.
The origin of the outbreak was identified as a cooling
tower in 35.6% of the outbreaks, the mains water supply
system in a public building in 14.4%, the mains water system
at other sites in 7.6%, and of unknown origin in 42.4% of the
outbreaks. Table 2 shows the seasonal distribution and the
size of each outbreak related to the origin. Summer (47.5%)
and autumn (24.6%) were the seasons with the greatest
number of outbreaks. The size of outbreaks involving cooling
towers was greater than that of those with other origins
( p < 0.05).
Table 3 compares the outbreaks in the two study periods
(1990—1996 and 1997—2004). The first period showed a
higher mean age in the persons affected, a greater delay
in detection, a shorter delay in obtaining environmental
samples, and more frequent identification of the origin ofaccording to the season; Catalonia, 1990—2004
umn Winter Total
) Sizea n (%) Sizea n (%) Sizea
23.8) 3.5 (2—47) 6 (14.3) 5.5 (4—14) 42 (100) 4b (2—113)
17.6) 2 (2—2) 1 (5.9) 6 (6) 17 (100) 2 (2—7)
22.2) 2.5 (2—3) 3 (33.3) 3 (2—3) 9 (100) 3 (2—4)
28.0) 3 (2—9) 3 (6.0) 4 (3—5) 50 (100) 2.5 (2—10)
24.6) 3 (2—47) 13 (11.0) 4 (2—14) 118 (100) 3 (2—113)
Table 3 Characteristics of community outbreaks of legionellosis; Catalonia, 1990—2004
Period p-Value Total
1990—1996 1997—2004
n 9 109 118
Municipalities 25 000, % 22.2 (2/9) 58.7 (64/109) 0.042a 55.9 (66/118)
Cases, median (range) 3 (2—24) 3 (2—113) 0.916b 3 (2—113)
Age, mean (SD) 60.6 (13.0) 57.9 (10.2) 0.506c 58.0 (10.4)
Case-fatality rate, % 12.2 (6/49) 3.9 (25/641) 0.018a 4.5 (31/690)
Diagnosis of 1st case by UAT, % 0.0 (0/9) 87.2 (95/109) <0.001a 80.5 (95/118)
Delay detection <12 days, % 62.5 (5/8) 50 (51/102) 0.716a 50.9 (56/110)
Delay environmental sample, median (range) 4 (0—22) 5 (0—66) 0.431b 5 (0—66)
First case to positive sample, median (range) 21 (7—91) 32 (6—263) 0.297b 32 (6—263)
Identification of origin, % 66.7 (6/9) 56.9 (62/109) 0.731a 57.6 (68/118)
Origin cooling tower, % 11.1 (1/9) 37.6 (41/109) 0.155a 35.6 (42/118)
UAT, urinary antigen test.
a Fisher’s exact test.
b Mann—Whitney U-test.
c t-test.
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cally significant. Statistically significant differences were
found in the CFR (12.2% vs. 3.9%; p = 0.018) and occurrence
in a municipality with 25 000 inhabitants (22.2% vs. 58.7%;
p = 0.042).
No statistically significant differences were found when
the same variables were compared in outbreaks according to
known (68/118) or unknown (50/118) origin.
The final logistic regression model, which included sig-
nificant variables, showed that the probability of death in a
given outbreak increased with the size of the outbreak (aOR
1.18, 95% CI 1.05—1.33) and was significantly lower in the
second study period (aOR 0.09, 95% CI 0.04—0.20).
Discussion
The number of outbreaks detected in Catalonia has increased
with the generalized use of the Legionella UAT, with a
reduction of 68% in the CFR between 1990—1996 and
1997—2004. Several authors4,16 have reported that the CFR
of cases associated with outbreaks is lower than that of
apparently sporadic cases, probably due to earlier detection
and treatment of cases. The CFR for all reported cases in
Catalonia was <10%, but was <6% in some outbreaks.7,9
The most frequent source of infection was a cooling tower
(35.6%), although in 42.4% of outbreaks the origin remained
unknown.
Few studies have reported the total number of outbreaks
detected in a specific community. According to the European
Working Group for Legionella Infections (EWGLI), 38 commu-
nity outbreaks associated with 1059 cases were reported
from 2000 to 2002.17 This is probably an underestimate
because, according to our results, 45 community outbreaks
occurred during this period in Catalonia. Epidemiological
investigation of outbreaks is essential to increase our knowl-
edge of the sources of infection and to determine the best
preventive measures.
Systematic study of Legionella in cases of community-
acquired pneumonia attended in general hospitals has
demonstrated that there is not always a history of risk factorssuch as travel or hotel accommodation. Moreover, no clinical
data can discriminate between Legionella pneumonia and
other etiologies. Testing for Legionella only in the context of
an epidemiological or clinical profile is, therefore, erroneous
and contributes to underreporting.18,19
The detection and early investigation of an outbreak
depends on the diagnosis of the first case. Reporting a case
triggers a series of epidemiological and environmental activ-
ities, which, theoretically, can limit the number of cases and
allow earlier identification of the source of the infection.
In Catalonia, the incidence of legionellosis in 2001 was
3.5/100 000 inhabitants, rising to 7.6/100 000 inhabitants in
2002 as a result of an outbreak involving 113 cases.20 The
incidence decreased to 5.5/100 000 inhabitants in 2003 and
4.8/100 000 in 2004, contrasting sharply with the incidence
reported in 2003 in France (1.8/100 000)21 and England and
Wales (0.6/100 000).22 The number of outbreaks has risen
annually since 1990, with a clear increase from 1999 onwards
due to more widespread use of the UAT and increasing
physician awareness, which has further been enhanced by
the media following the legionellosis outbreak in the Barce-
loneta district of Barcelona in the year 2000, which affected
54 people.9
The CFR was significantly higher in 1990—1996 compared
with 1997—2004. Rapid, effective treatment reduces legio-
nellosis-associated mortality23 and the availability of the
Legionella UAT during the second period led to earlier diag-
nosis and administration of correct treatment. The use of the
Legionella UAT could increase the diagnostic sensitivity of
cases with milder symptoms that would otherwise remain
undetected.
In the multivariate analysis, all outbreaks with one or
more deaths were grouped into a single category (outbreaks
with deaths) and compared to those with no deaths. This
could pose a limitation to the study, but since there were only
four outbreaks with two deaths and one with three deaths,
the possibility that this affected the analysis can be dis-
carded.
In 87.2% of the outbreaks in 1997—2004, the first case was
diagnosed using the UAT, which is now replacing former
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tages of the UAT are well established, although approxi-
mately 16% of cases of Legionella pneumonia are caused
by species or serogroups other than Legionella pneumophila
serogroup 1 and many cases of legionellosis may thus remain
undiagnosed.24 In addition, in the absence of a clinical isolate
it is difficult to identify the source of the infection and
therefore cultures should be made simultaneously with
the UAT.
The origin was determined in more than 57% of the out-
breaks, with cooling towers and mains water systems being
the most frequent sources of infection. Several studies have
demonstrated the limitations of molecular epidemiology in
studying the origin of outbreaks.25,26 However, in our experi-
ence, these techniques have proven to be very useful when
suggestive epidemiological data are present.
In spite of the strict regulations regarding Legionella,27,28
cases and outbreaks continue to be detected in Catalonia.
The UAT should be available in all hospitals and all cases of
the disease should be reported. Early diagnosis and treat-
ment help to improve the evolution and CFR of legionellosis
and early identification and closure of suspected facilities
reduces the size of outbreaks. The incidence of legionellosis
in Catalonia will probably stabilize in the near future since,
despite the diagnosis of more cases, early environmental
action after notification of cases will help to contain out-
breaks.
Further studies are required to provide more reliable data
on the incidence of legionellosis in countries and regions
comparable to Catalonia. Many epidemiological studies have
shown trends, but there appears to be underreporting. This
could create a false impression of control, which may explain
the outbreaks in Murcia, Spain,8 Cumbria, UK,29 and Japan,30
and lead to a lack of awareness of the real dimensions of
legionellosis.
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